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ASYMMETRIC COMPARATOR FOR 
LOW POWER APPLICATIONS 

Background of the Invention 

[0001 J Field of the Invention 

[0002] The present Invention generally relates to integrated circuit technology and more 
particularly to electronic circuitry having different trip points for the rising and falling 
edges of the input signal. 

[0003] Description of the Related Art 

[0004] Prior art devices employ analog circuitry which provide an output pulse having 
rising and falling edges, which are Independently delayed from rhe corresponding 
rising and falling edges of an Input pulse. U.S. Patent 4,81 2,667, the complete 
disclosure of which is herein incorporated by reference, describes such a circuit, 
wherein the circuit function occurs by using a charging capacitor, which drives a 
Schmitt trigger. 

[0005} In this prior art circuit, the charge on the capacitor is determined by a first 

constant current source and a switch responsive to the rising edge of the input pufse, 
and a corresponding second constant current source and a switch responsive to the 
felling edge of the input pulse. Furthermore. It is taught that by varying the widtfMo- 
length ratio of the device, the value of the charge-up current and discharge current 
can be controlled. 

E0006] ThQse skH|ed )n the ^ nauto read | Iy appreciate the functions of a Schmitt trigger 
which provides a I w state output signal when its input receives a voltage Input equal 
t or less than a low voltage trigger value, and a high state output signal when Its 
input receives a voltage Input equal to or higher than a high trigger value. 
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Additionally, for input voltages between the low trigger value and the high trigger 
value, the Schmltt trigger remains In an unswitched condition. 

[0007J Other prior art circuits teach various ways of controlling the input signal, thereby 
controlling the corresponding rise and fall times of the signal, such as U,S. Patent 
4,488,060 (teaching a high voltage ramp rate control circuit providing a controllable 
ramp rate action useful in high voltage power supplies); US Patent 5,534,81 1 
(teaching a driver circuit having an input terminal fed by a logic signal and producing 
a drive signal having selectable rise and fall time characteristics in accordance with a 
reference voltage provided to the driveft U,$> Patent 5,982.21 8 (teaching an input 
circuit provided in a semiconductor integrated circuit used in a high-speed small- 
amplitude signal transmission system having a ratio of gate length to gate width in a 
PMOS transistor of i;4, and a ratio of gate length to gate width in a NMOS transistor 
of 1:40); and U.S. Patent 6,069,511 (teaching a signal shaping circuit for use in a 
transmission line driver, wherein the input fs a pulse signal having a rising edge that 
triggers a delay circuit which produces a first sequence of multiple delayed outputs 
and a falling edge which triggers the delay circuit to produce a second sequence of 
multiple delayed outputs, and wherein, by controlling the first and second delayed 
output, the rise and fall times of the output signal can be precisely controlled), the 
complete disclosures of which are herein incorporated by reference* 

tOOOS] However, the conventional circuits often result In poor power dissipation rates 
and, as such, may not be applicable in low power applications. Furthermore, the 
conventional circuits do not provide for a different trip point for the rising and falling 
edges of the Input signal. 

[0009] 

This capability is very important because it provides the ability to control the 
timing relationship between die output transitions of the comparator corresponding 
to the rising and falling edges of the input signal. Furthermore, it allows for the 
control of the delay between rising and failing output transitions out of the 
comparator. It also provides the capability to vary the positive or negative pulse width 
of the comparator output signal. Thus, there is a need for a comparator having 
different trip points for the rising and felling edges of the input signal which 
dissipates less power than the conventional comparator devices, and which is fdeal for 
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use in low power appiicati ns. 

Brief Summary of the Invention 

[001 01 in view of the foregoing and other problems, disadvantages, and drawbacks of the 
conventional comparator devices, the present invention has been devised, and it Is an 
object of the present invention, to provide a structure and method for a novel 
comparator having different trip points for the rising and falling edges of the input 
signal. It is another object of the present invention to provide a novel comparator 
which dissipates less power than conventional comparator devices. Yet another object 
of the present invention is to provide a comparator which is analog for part of the 
comparison cycle and digital for the remainder of the comparison cycte.Stlfl another 
object of the present invention is to provide a comparator which is ideal for use in low 
power applications. 

[001 1] in order to attain the objects suggested above, there is provided, according to one 
aspect of the invention, a comparator comprising a circuit for setting a trip point of a 
rising edge of an input signal according to a value of an external voltage reference, 
and at (east two transistors in the circuit for setting the trip point of a falling edge of 
the Input signal according to the width-to-length ratio of the at least two transistors. 

[001 2J The comparator cycles between an analog circuit and a digital circuit, wherein in 
the analog circuit, one of the at least two transistors is a tail current source transistor, 
and wherein the input signal rises from ground toward a positive power supply 
voltage V cc , wherein the rise in the Input signal switches the tail current source 
transistor on. Additionally, in the case where the input signal falls from V cc toward 
ground or GND, as long as the falling inpur signal is less than the falling edge trip 
voltage, a taif current source transistor is on. 

[001 3] Furthermore, the comparator further comprises a plurality of transmission gates in 
the circuit, wherein as long as the rising Input signal is less than the external 
reference voltage and the falling input signal Is less than the falling edge trip voltage, 
the transmission gates cause the comparator to appear as a differential pair In an 
pen loop configuration with a current mirror load. 



[0014] 



Also, in the digital circuit, the voltage of the rising input signal is greater than the 
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external reference voltage and the voltage of the falling Input signal is greater than 
the falling edge trip voltage set by the width-to-length ratio of the two transistors. 
Additionally, the input signal causes the comparator to appear as an asymmetric 
inverting Schmitt trigger. 

10015] Moreover, the transistors include a first transistor of width W ) and length (L ); 
and a second transistor of width (W y > and length <L y ), wherein the width-to-length 
ratio equals <W x L y ) / (W y L ^ ). The trip point of a falling edge of an input signal 
increases (decreases) by increasing (decreasing) the width-to- length ratio. Moreover, 
as the fnput signal decreases, a switching threshold becomes dependent on the 
width-to-length ratio. 

[001 6] The inventive comparator acts upon two unique trip points, one for the rising 

edge and one for the falling edge of the input signal, but only requires one of them to 
be externally provided. It provides hysteresis during a falling input transition and thus 
provides for greater noise immunity. 

[001 7] The ability to raise and lower the trip point of the falling edge of an input signal is 
Important because It allows for the adjustment of the amount of hysteresis 
incorporated into the design. Another important use of an adjustable trip point 
involves the ability to control the delay between the rising and falling edge transitions 
at the comparator output signal and, in turn, the pulse width at the output This use 
has several applications where the same analog signal is used to generate or derive a 
digital data signal as well as a digital clock signal. 

Brief Description of the Several Views of the Drawings 

[001 8] The foregoing and other objects, aspects and advantages will be better 

understood from the following detailed description of a preferred embodiment of the 
invention with reference to the drawings. In which: 

[001 9] Figure i is a schematic diagram of the circuit according to the present invention; 
[0020] Figure Z Is an alternate representation of the circuit in Figure 1 ; 
[0021} Figure 3 illustrates the analog configuration of Figure 2; 
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(0022] 
C0023] 
[0024] 
[0025] 



Figure 4 is an alternate representation of the analog configuration of Figure 3; 

Figure 5 illustrates the digital configuration of Figure 2; 

Figure S Is an alternate representation of the digital configuration of Figure 5; 

Figure 7 shows the graphical results from an HSPICE circuit simulation of the 
asymmetric comparator; 



T0026] Figure 8 shows the graphical results from an HSPICE circuit simulation depicting 
the current through the positive voltage supply V cc ; and 

[0027] Rgure 9 is a flow diagram Illustrating a preferred method of the present invention. 
Detailed Description of the Invention 

(00261 DETAILED DESCRIPTION OF. PREFERRED EMBODIMENTS OF THE INVENTION 

(0029] As previously mentioned, there is a need for a comparator having different trip 
points for the rising and falling edges of the input signal which dissipates less power 
than the conventional comparator devices, and which is ideal for use In law power 
applications. The present application describes a novel comparator clrctirtwhich has 
different trip points for the rising and falling edges of the Input signal. 

[0030] A trip point is a voltage level that, when passed through by a comparator input 
signal whose voltage Is increasing or decreasing, will result in a transition at the 
output of the comparator. 

[0031] With the inventive structure shown in Figure l , the trip point for the rising edge of 
the Input signal is determined by an external reference voltage V . Furthermore, 
with the invention, the trip point for the falling edge of the input signal is determined 
by the width-to-length ratio of two PMOS transistors. In a preferred embodiment, the 
invention is suitable for applications where a comparator with hysteresis is required. 

Hysteresis Is evident by the fact that there is a unique trip point or trigger voltage V * 
for a rising input signal voltage and a unique trip point V " for a felling input signal 
voltage. The hysteresis voltage is defined asVH = V*-v". 



(0032] 



The invention also dissipates less power than a conventional c mparator since the 
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tail current Is minimal when the comparator is in the digital configuration which, as 
will be shown later, occurs during more than half of the comparison cycle. 

10033] Referring now to the drawings, and more particularly to Figures 1 -9, there are 
shown preferred embodiments of the present invention. Specifically, in Figure 1, a 
comparator Is shown comprising a circuit for setting a trip point of a rising edge of an 
input signal COMPIN according to a value of an external voltage reference V . and 

REP 

at least two transistors CP and 73) in the circuit, for setting a trip point of a falling 
edge of the input signal according to a width-to-length ratio of the at least two 
transistors (Tl and T3), The comparator cycles between an analog circuit and a digital 
circuit. Moreover, the trip point of the falling edge of the input signal Increases 
(decreases) by increasing (decreasing) the width-to-lengtb ratio of the at least two 
transistors (H and T3). The width-to-length ratio Is indicated by (W L ) / (W I x) 

X y y 

where W and L are the width and length of the first transistor T7 . and W and L 

are the width and length of the second transistor 73. Moreover, as the input signal 
COMPIN decreases, a switching threshold becomes dependent on the width-to-length 
ratio of the at least two transistors (Tl and T3), 

[0034] In Figure 1 , the taif current Is the DC or static current flowing from V through 
transistor Tl and eventually to CND via the current paths formed by transistors T3 
and T5 and/or T2 and T4. A comparison cycle consists of a minimal number of 
transitions at the comparator input resulting in the transition output from high-to- 
low-to-high or from low^to-hlgh-to-low. Typically, this mlnfmum number of input 
transitions is two. For example, to illicit the high-to-low-to-hlgh response at the 
output, during the first transition, the Input signal rises Jn voltage from near GND 
toward V cc with the requirement that It cross the external reference voltage value. In 
the second transition, the Input signal falls in voltage from near V cc toward CND 
with the requirement that it cross the falling edge trip voltage set by the width-to- 
length ratio of the at least two transistors. 



[0035] 



The inventive comparator can be considered analog for part of the cycle and 
digital for the remainder of the cycfe, making it ideal for use In low power 
applications. The distinction between the anaiog and digital conflgurati ns is 
determined, in large part, by the pr^smc^ or absence of static DC current paths as 
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well as the region of operation of the Transistors, m the analog configuration, there 
are static DC current paths present and certain transistors operate in the region 
known as saturation. In the digital configuration, static DC current paths are absent 
and the transistors are either operating in the linear (triode) region or cutoff region. 
When the input signal COMPIN rises from GND toward V C( . , the tail current source 
transistor Tl switches on. 

{003SJ In Figure T , when the comparator Input signal COMPIN Is of sufficiently low 

voltage, the comparator is in the analog configuration since there is static DC current 
flowing through tail current source transistor TT , continuing through transistors <T2 
and T4) and/or transistors <T3 and T5) to CND. In this situation, transistors T2. T3, 
T4, and T5 are generally in saturation. Figures 3 and 4, as will be described later, 
depict the inventive comparator in the analog configuration. 

[00371 When the comparator input signal COMPIN is of sufficiently high voltage, the 

comparator is in the digital configuration since there is no static DC current flowing 
and the transistors are operating either in the linear (triode) region or in the cutoff 
region. Specifically, transistors Tl, T2, and TS are in cutoff while transistors T3 and 
T4 are in the linear (triodej region. Figures 5 and 6, as will be described later, depict 
the inventive comparator in the digital configuration. 



[0OB8] 



Figure 1 shows a complete schematic of the circuit according to the present 
Invention. This schematic includes a PMOS tail current source transistor TT , a PMOS 
differential transistor pair T2/T3, and an NMOS current mirror load for the differential 
pair consisting of transistors T4/TS. The circuit further includes four CMOS inverters 
made of PMOS/NMOS transistor pairs T6/T7, T8/T9, T24/T25. and T26/T27. 
Moreover, the circuit includes seven CMOS transmission gates, used as switches, 
being constructed of parallel -connected PMOS and NMOS transistors. Specific 
examples of these transmission gates include transistor pairs T10/1 1, T12/T13, 
TU/n 5, T76/T1 7. Tl 8/n g, T20/T21 , and T22/T23. Moreover, a rise in the input 
signal COMPIN causes the comparator to appear as a differential pair In an open loop 
configuration. Furthermore, the circuit includes four pins or terminals described as 
COMPIN, V REf . . COMPOUT. and V Cc , ail of whose voltages are referenced to ground 
or CND. COMPIN is the comparator input signal, V fs the external comparator 
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reference voltage Input, COMPOUT is the comparat r output signal, V is the 
positive power supply voltage, and ground or GND fs assumed to be zero volts. 

[0039] Regarding the device sizes, the differential pair transistors T2/73 are identical, as 
are the current mirror load transistors T4/T5. All seven transmission gates are 
Identical, and the PMOS and Nmos transistors in each are of minimum channel length 
and are of large enough channel width such that the on resistance of these switches is 
negligible. Inverters consisting of transistors T6/T7 and T8/T9 are of the same size, 
as follows. The PMOS devices have a W/L ratio of T /66.66 with w being approximately 
two times the minimum allowed by the technology. The NMOS devices have a W/L 
ratio on the order of 133.33/1 with L being the minimum allowed by die technology. 
The inverter, consisting of transistors T24/T2S is sized as follows. The PMOS device 
has a W/L ratio of 1/11.11 with W being approximately two times the minimum 
allowed by the technology. The NMOS device has a W/L ratio of 22,22/1 . with L being 
the minimum allowed by the technology. The inverter, consisting of transistors 
T26/T27, is sized as follows. The PMOS device has a W/L ratio of 355.55/ 1 , with L 
being approximately the minimum allowed by the technology. 

[0040] Figu re 2 shows a simplified form of the schematic of Figure l to aid in the 

understanding of the complete invention. In Figure 2, the seven transmission gates 
have been replaced with their symbolic representation (TGI to TG7), as have the four 
inverters 0NV1 to INV4). The transmission gates are four terminal devices where two 
of the terminals connect to the signal path through the element and the other two 
terminals are the control signals consisting of the complementary nodes nl and n2 
from the output of inverters INV1 and INV2, respectively. 



[0041] 



Depending on the state of nodes nl and n2, there will be either a conductive 
signal path through the transmission gate such that it appears as a short circuit, or a 
high impedance state will exist which acts as an open circuit In the signal path. For 
example, regarding TCI , if node nl is a logic low and node n2 is a logic high. TGI will 
be considered to be In the ON state, in which case the switch will be closed and the 
signal path through the transmission gate will be complete and conductive. 
Conversely, if node nl is a logic high and node n2 is a logic low, TCT will be 
considered to be in the OFF state, in which case the switch will be peried and in a 
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high impedance nonconductive state. 

»042] The behavior of the inventive comparator circuit, with reference to Figure 2, Is as 
follows. An assumption is made that at the outset, the condition of the circuit is in a 
state such that voltage at input pin COMWN is very near GND and is rising from GND 
toward VCC, the positive power supply rail. Also, at the outset, the voltage at node n4 
is initially high enough to cause the voltage at node r,3, the output of fnverter INV3. to 
be a logic low and the voltage at node COMFOuT, the output of inverter JNV4, to be a 
logic high. Similarly, the voltage at node n4 Is initially high enough to cause the 
voltage at node ni . the output of inverter INV1 , to be a logic low and the voltage at 
node n2, the output of inverter INV2, to be a logic high. These node voltages ni and 
n2 are the control signals propagated to all seven transmission gates and they 
determine whether the transmission gates are in the opened or closed state. At the 

outset, the transmission gates TC2, TC4, TC6, and TG7 are in the opened or high 
impedance state and TCI , TG3, and TG5 are in the dosed or short circuit state, 

[0043] Figure 3 shows an analog Illustration of Figure 2, whereby the transmission gates 
have been removed and replaced by either an open circuit or short circuit. Inverters 
1NV1 and IN V2 have been omitted as well because their outputs are only used as 
Inputs to the now deleted transmission gates. Figure 4 shows an alternate 
representation of Figure 3. whereby all dangling nets or stubs have been removed to 
aid In the understanding of the circuit more completely. Figure 4 represents the 
analog configuration of the inventive comparator of Figure 1 , wherein there is static 
DC current flow, and transistors T2. T3, T4. and T5 operate predominantly in the 
saturation region. In this configuration, the gate of PMOS tail current transistor Tl is 
shorted to GND potential which turns it on and allows static DC current to flow from V 
cc through TI into the PMOS differential pair transistors T2/T3 and onto GND 
through current mirror load transistors T4/T5. This analog transformation is 
essentially a differential pair in an open loop configuration with a current mirror load. 



[0044] 



This outset condition is shown in the graphical HSPICE circuit simulation results of 
Figure 7 at time 0 us. Figure 7 shows three wave forms, including the externa* 
reference voltage V m , which maintains a fixed voltage of 600 mV thr ughout the 
simulation depicted by the wave form having the triangle symbol at its left edge. The 
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[0045] 



COMPIN signal, indicated by the circle symbol on the left edge of ,ts wave form is a 
periodic triangularly shaped wave form var/ing in amplitude bet*** 0 V and 2.2 V 
with a period of approximately 3 1 M5 . The COMPOt/r S | gna , t shown ^ fte ^ ferm 
indicate with an x symbol * the .eft edge of the wave form, var,es between 0 V and 
1 .8 V in amplitude. At time 0 us, V m js 600 mV. COMPIN is 0 V, and COMPOS is 
1.8 V, 

As the COMPiN voltage continues to rise and becomes greater than the reference 
voltage at the V REp pin, the voltage at node n4 sinks toward GND and the voltage at 

T2 and more current to flow through T3. Less current flawing through T2 equates to 
•ess current flowing through T4 and less voltage being developed across T4 according 
to Ohm's law (V = | x R, whe re R is the resistance of transistor T4). The decrease in 
the voltage at node n4 causes inverter INV1 to switch and the voltage at node nl to 
assume a logic high, which causes Inverter 1NV2 to switch and the voltage at node n2 
to assume a logic low. Similarly, the decrease in the voltage at node r»4 causes inverter 
INV3 to switch and the voltage at node n3 to assume a logic high which causes 
inverter INV4 to switch and the voltage at node COMPOUTto assume a logic low. 

[0046] This situation is shown In the HSPICfi circuit simulation results of figure 7 at time 
5 us, where the rising COMPIN voltage crosses the trip point voltage of 600 mV Set by 
V ^ . This causes the COMPOUT voltage to fall to 0 V. In this state, the seven 
transmission gates of Figure 1 and Figure 2 change their state since the control 
voltages at nodes nl and n2 have changed their polarity. Thus, transmission gates, 
which were previously opened, are now closed and vice-versa. 

[0047] 

This is further depicted in Figure 5. which shows thedigltal configuration of 
Figure 2, and where the transmission gates have been removed and replaced with 
either an.open or short circuit. Moreover, the Input signal COMPIN is at an input 
voltage greaterthan the external reference voltage V Inverters INvl and INV2 
have been removed for Canty as we,,. Furthermore. Figure 6 illustrates an alternate 
representation of Figure 5, whereby all dangling nets or stubs have been removed t 
a,drhe in understanding of the circuit m re completely. Additional in fi 9Ur 5 a 
short crcult exists acros, transistor T5 ( which is why it is not present In Figure 6. Also 
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[0048] 



■n Figure s, the V ^ pin , s unconnected and| tJwefore jt j$ ^ ^ 
6 ; Figure 6 further represents the digital configuration of the Inventive comparator of 
Figure , because there are no static DC current path,, and transistors are operate in 

Power is being dissipated which makes the present invention idea, for low power 
appl.cafons. Furthermore, Figure 6 provides the characteristics of an asymmetric 
inverting Schmitt trigger. 

As the COMWN voltage begins to fall, indicated at a time of approximately 1 6 ps 
In F,gure 7. the trip/point becomes dependent on the width-length ratio <W /t 
Tl )/(W T3 /L T3 Jwhichisequivalentto^^ /Lji XL ) for transistor Tl 

and T3. .n the Schmitt trigger of Figure 6, transistor T2 is the main switching device, 
wh.le Tl and T3 act as a feedback network that controls the falling edge trip point By 
adjusting the aspect ratio of these two transistors, the failing edge trip point V- can 
be controlled. For a Schmitt trigger, V- is defined in the literature in equation form as> 



[0049J 



V 



[OOSO] 



Tl /L tj ^^/W^are 



[0051] 



T3 '"T3 

where SQRT{ } represents the square root function, W 
the width-to-length and length-to-wldth ratios. r M pe«iv^^^^^^^^^^ 
T3. V cc is the positive power supply voltage, and VT P is the threshold voltage of a 
PMOS transistor such as Tl orT3. As an example of u s ,ng Equation l.assumlngaV 

a T»' W T3»" dW Ti /L T1 /W T3 ) as indicated in Table l Tl Tl 



) 



ItlJ 

fll**- ///"M D«tA. n r r»n-i . _ . 
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[00S3J 



10052] ^theva,ue 0 fSQRT { (W Ti /L Ti Kl^ /W ^ ) } leases or decrees, the va.ue 
of the expression (V^ /L T| ^ /W ^ , afeo increases or decreases, respective*. 
Thus, the results in Table 1 indicate that for the falling edge of COMPIM to raise the 
trigger point, the width and length of TT and T3 are adjusted such that the quantity 
°"t! /L T1 ,(L T3 ^T5 ),r,creasesConver5 ^. * lower the trigger point, the width 

and length of Tl and T3 are adjusted such that the quantity (W /L )( L /w ) 
decreases. Tl T1 T3 T3 

AstheCOMPIMvolUgecontinuestoftHbetweenti-mesieMsandBT us in Figure 
7, ft crosses the V R£p voitage of 600 mV with no change occurring in COMPO0T 
Continuing the voltage descent, COMPIN passes through the ,, o mV mark at a time of 
wromtf* 30 ps which results in COMPOUT transitioning from 0 V to 1.8 v. This 
Indicates that the inventive comparator has transformed itseif back into the analog 
configuration, which was evident at the outset because COMPiN falls befow the trip 
point established by the aspect ratios of transistors T1 and T3. 

Furthermore, the transmission gate control nodes n) and „ 2 also change poiarity 

& lZ n X ° T ,H ^ *" ™ * ^ ° ~ ift 

comparison cycles with each cycle approximate* 3 , MS fn duratjo(I . , n ^ ^ 

analog configuration b e twe B ntin,eO,sto 5 psandti me3 0 MSto3 , p Sf ratoU , of 
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6 lis, and in the digital configuration between 
This clearly shows that the comparator Is in 
than &0% of the comparison cycle time. 



time 5 us and 30 us f r a total of 25 ps. 
the power saving digital mode for more 



[0055] Figure 8 shows the results of an HSPlCE circuit simulation illustrating the power 

saving feature of the inventive comparator. 1 he C0MP1N and V waveforms 

REF 

indicated with the X and circle symbols, respectively, are Identical to those as seen in 
Figure 7. The additional waveform in Figure 8, Indicated by the square symbol at the 
left edge of the waveform, is the current through the VCC positive power supply. At 
time 2.1 7 ps and also at time 32.5 us, when the comparator is in the analog 
configuration, the current through V is 3.1 9 gA. At time 16.4 ps and also at time 
47,8 MS, when the comparator Is In the digital configuration, the current through V cc 
is only 1 3.8 nA. 

[0055] The data in Table 1 demonstrates that a wide voltage range is achievable for the 

falling edge trip point voltage V ~ . Additionally, when adjusting the transistor aspect 
ratios of Tl and T3, it is preferable to only adjust the aspect ratio of T1 because T2 

and T3 should be identical for the case, where COMPIN Is rising and the comparator is 
in the analog configuration described previously. Any limitations on the width-to- 
length ratios of Tl and T3 are due to the minimum manufacturable transistor channel 



width and length allowed by the particular ojlOS technology. In general, however, the 

ratio (W / L ) will be much less than T and the ratio CW _ / L _ ) will be much 
Tl Tl | T3 T3 

greater than i . As an example, in a 0.1 8 Mm technology, (W / I ) might assume 
a vafue of 1 yrn / 32 pm, resulting In a ratio of 0.03125, and tW T3 / L ) could be 
realized in a value of 48 pm / o.l 8 pm for a ratio of 266,667, where L . 



T00S7] 



minimum channel length. 

In the present invention, the aspect ratios 
trip point, are considered permanent for a 
conceivable, and possible, that the aspect 
and dynamically configurable, allowing for ad. 
case basis. This is accomplished by Implement 
devices, with device fingers capable of being 
transmission gate switches to Increase or 



ratios 



T3 



is the 



of Tl andT3 and, thus, the falling edge 
particular build of hardware. However, It fs 
of Tl and T3 could be programmable 
ustment of the trip point on a case-by- 
ing Tl and T3 as mufti-fingered 
Jfdded or removed via CMOS 

thet tal channel width fthe 



dea easei 
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device, respectively. The ability to raise and lower the trip point of the falling edge of 
COMPIN Is important because it allows for the adjustment of the amount of hysteresis 
incorporated Into the design. Another important use of an actfustable trip point 
involves the ability to control the delay between the rising and falJing edge transitions 
at the comparator output COMPOUT and, in turn, the pulse width at COMPDUT. This 
use has several applications where the same analog signal ASi is used to generate or 
derive a digital data signal Dl as well as a digital clock signal CI, Moreover, 01 and 
CI are then provided to a latch as the data and clock inputs, respectively, this 
assumes that the D) data is a logic high and is to be captured into the latch on the 
falling edge of the CI dock This means that the high Dl data to be captured with 
fidelity must not transition to a logic low until after the falling edge of the CI clock, 
which means that the falling edge of Dl .must not occur until after the falling edge of 
the CT clock, 

[0058] This situation can be satisfied through the use of two present inventive 

comparators having two different and unique falling edge trip points, both of which 
are fed analog input ASI with the two comparator outputs being data Dl and dock 
CI, 

[00591 Finally, Figure 9 shows a flow diagram illustrating a preferred method for 

comparing an input signal to a reference signal using a comparator, wherein the 
method comprises, first, setting 100 a trip point of a rising edge of an input signal 
according to a value of an external voltage reference. The next step involves setting 
110a trfp point of a falling edge of an input signal according to a width-to-length 
ratio of at least two transistors in a circuit* Then, a step of cycling 1 20 the comparator 
between an analog circuit and a digital circuit occurs. The method further comprises 
connecting 1 30 a first transistor of length (L ^ ) and a width of <W ) to a second 
transistor of length (L ^ ) and a width of (W ), wherein the width-to-length ratio 
equals (W T1 ) / (W T3 L T1 ). Other steps Involve 140 decreasing a value of the 
input signal and causing 1 50 a switching threshold to become dependent on the 
width-to-length ratio. The method farther comprises 1 60 increasing (decreasing) the 
trip point of a falling edge of an input signal by Increasing (decreasing) the widtb-to- 
length ratio* 
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[0060] There are several benefits of the present invention, including the ability to pontrol 
different trip points for the rising and failing edges of an input signal. Also, the 
present invention provides a comparator which dissipates less power than 
conventional devices. Moreover, the present invention is ideal for use In low power 
applications. 

(0061] Again, the ability to raise and lower the trip point of the falling edge of the input 
Signal is important because it allows for adjustment of the amount of hysteresis 
incorporated Into the design. Another important use of an adjustable trip point 
involves the ability to control the delay between the rising and falling edge transitions 
at the comparator output signal . and, in turn, the pulse width at the output This use 
has several applications where the same analog signal is used to generate or derive a 
digital data signal, as welt as a digital dock signal. 

[0062] While the invention has been described in terms of preferred embodiments, those 
skilled In the art will recognize that the Invention can be practiced with modification 
within the spirit and scope of the appended daims. 
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